Grape white rot (Coniothyrium diplodiella) is a major fungal disease affecting grape 37 yield and quality. The present study aimed to provide a foundation to improve future 38 grape white rot resistance breeding. To this end, interspecific hybridization was 39 conducted between a white rot resistance cultivar 'Zhuosexiang' (Vitus vinifera L. × 40 Vitus labrusca L.), and a susceptible cultivar 'Victoria' (Vitus vinifera L.), using 177 41 hybrid offspring and two parents for restriction site-associated DNA sequencing 42 (RAD-seq) and high-density genetic linkage mapping. Female, male, and integrated 43 map marker numbers were 2501, 4110, and 6249, respectively. The average genetic 44 distance of adjacent markers was 1.25 cM, 0.77 cM, and 0.50 cM. White rot 45 resistance identification of the two parents and 177 individuals was conducted in July 46 and August of 2017 and 2018. Additionally, white rot resistance quantitative trait 47 locus (QTL) mapping was conducted. In total, nine QTLs were detected and located 48 on linkage groups LG1, LG4, LG7, LG12, LG14, and LG15, with overlapping QTLs 49 on
Beijing Academy of Agriculture and Forestry Sciences. The in vitro leaf culture 139 method was used for white rot infection. The third-to-fourth leaf from the tip of an 140 annual branch was selected (3 leaves per individual). The collected leaves were rinsed 141 with 70% ethanol for 1 min, followed by 10% sodium hypochlorite for 1 min and 142 rinsed 3 times with ultra-pure water. Next, the leaves were placed in plastic culture 143 8 dishes and punctured in the left, middle, and right regions. A 10 μL 10 6 /mL white rot 144 spore suspension was then dripped on the wound points to induce white rot infection. 145 Leaves with white rot spores were then incubated in a moist chamber at 28 °C with 95% 146 relative humidity. Three days later, the lesion area of the infected region of each leaf 147 was measured using YMJ-C smart leaf area meter (Tuopu Instrument, China). The Library construction for sequencing 154 Young and healthy leaves of the two parents and 177 offspring were collected, frozen 155 by liquid nitrogen, and stored at -80℃. The genomic DNA of each sample was 156 extracted using a modified CTAB method (Hanania et al. 2004 SNPs were screened to obtain molecular markers that met requirements for genetic 179 map construction. The filter standards were as follows: sequencing depths of the two 180 parents were greater than 23×, and those of progeny were more than 2×; at least one 181 of the two parents possessed a heterozygous genotype; the segregation ratio of 182 progeny was consistent with the Mendelian separation ratio (p > 0.05), and the 183 genotype missing rate was 0.1. Finally, JoinMap 5.0 software was used to construct 184 the genetic linkage map using the qualified markers. 
Results

199
White rot resistance identification and analysis 200 In this study, we conducted white rot resistance identification for 177 hybrid offspring 201 and the two parents in July and August of 2017 and 2018 (File S1). The two parents 202 showed different white rot resistance. Compared to 'Victoria,' 'Zhuosexiang' showed 203 high white rot resistance. Resistance within the 177 hybrid offspring showed 204 continuous variation and coincided with the character of quantitative traits ( Figure   205 1and Figure 2 ). White rot resistance correlation analysis indicated that the phenotypic 206 data in the same month of different years showed significant correlation (0.72 and 207 0.60 in July and August, respectively), and no significant correlation was found in 208 different months of the same year ( Figure 3 ). Figure S1 ). The average genetic distance of adjacent markers in the 19 linkage groups 231 was 1.25 cM, the longest one was LG2, and the shortest one was LG19. The 232 percentage of Gap ≤ 5 cM of the 19 linkage groups ranged from 81.00% to 99.00% 233 (Table 2) .
235
The male 'Victoria' parent contained 4110 SNP markers in 19 linkage groups. The 236 total genetic length was 3179.28 cM. Among the 19 linkage groups, LG1 was the 237 shortest, with a genetic length of 122.01 cM, and LG6 was the longest, with a genetic 238 length of 197.28 cM. The marker numbers of each linkage group ranged from 95 to 239 417, with LG17 containing the smallest and LG18 containing the largest (Table 1, 240 Figure S2 ). The average genetic distance of adjacent markers in the 19 linkage groups 241 was 0.77 cM, with LG17 and LG13 as the longest and shortest, respectively. The 242 percentage of Gap ≤ 5 cM of the 19 linkage groups ranged from 87.00% to 100.00% 243 (Table 2) .
245
The integrated map contained 6249 markers with a total genetic length of 3118.13 cM.
246
Among 19 linkage groups, LG10 and LG18 were the shortest and longest, with 247 genetic lengths of 125.09 and 188.17 cM, respectively. Among the 19 linkage groups,
248
LG18 contained the largest marker number of 543, and LG17 contained the smallest 249 number of 139 (Table 1, Figure 5 ). The average genetic distance between two adjacent 250 markers in the 19 linkage groups was 0.07 cM. The shortest genetic distance was LG18, and LG19 reached 100.00% (Table 2) . 254 255 QTL mapping and candidate gene discovery 256 In total, nine QTLs were discovered in the linkage group LG1, LG4, LG7, LG12,
257
LG14, and LG15 ( Figure 6) , with variation ranging from 6.80% to 15.50% (Table 3) .
258
There was one QTL located in LG1, LG4, and LG14, named as WR2017_2_2, 259 WR2018_2_1, and WR2017_2_3, respectively. In LG7, LG12, and LG15, two QTLs LGs (Figure 7) , and marker densities across the chromosome also showed 314 good performance (Figure 8 ). In general, the linkage map constructed in this study 315 possessed good quality and can be used for QTL mapping. of high-quality grape cultivars. The linkage map constructed in this study will provide 359 a basis for future studies on white rot resistance and other agronomic traits. In this 360 study, we first conducted QTL mapping for grape white rot resistance and discovered 361 two overlapping QTLs. We then combined this data with the differential expression 362 analysis data from the transcriptome and detected 3 candidate genes. However, these 363 18 findings are preliminary, and further QTL mapping based on additional phenotypic 364 data are required to discover more stable QTLs and key candidate genes for white rot 365 resistance. LG8 2.63 0.77 0.67 88.00%(20.47) 98.00%(6.12) 98.00%(6.66)
366
Figure legends
LG9 1.12 0.57 0.41 95.00%(6.07) 98.00%(7.97) 99.00%(9.13)
LG10 Note: a The genetic position of the higest LOD value; b The closest marker to the peak LOD of each QTL; c PEV represents the individual contribution of one QTL to the variation in white rot resistance; d Genotype of the female and male parent of the co-segregated marker.
